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ABSTRACT 


Objective: Giardiasis is a common disease, and clinical forms can vary based on the 
assemblage types of the parasite. Detailed information on the subgenotypes may indicate 
the transmission routes and enlighten the gaps in the epidemiology of the disease. This 
study aims to reveal the occurrence of giardiasis in Thrace, Turkey, and assemblage types 
of Giardia duodenalis. 


Materials and Methods: In total, 573 stool samples taken from the individuals applied to 
Tekirdag Central State Hospital in 2009, were examined by wet-mount and zinc sulfate 
floatation methods. Giardia-positive 26 samples and 64 samples taken from the individuals 
with gastrointestinal complaints were analyzed by nested PCR-RFLP to differentiate the 
assemblage types. Sequence analysis was employed for confirmation of assemblage types 
and subgenotypes. 


Results: Giardia spp. cysts were detected in 3.66% and 4.54% of the samples with wet- 
mount and zinc sulphate floatation techniques respectively. A total of 27 samples were 
found positive by nested PCR-RFLP out of 90 samples. Fifteen samples were determined as 
assemblage A, 2 and 10 samples as B and B/E mix respectively. Sequence analysis showed 
that the latter assemblage (B/E mix) as A3-B3 mix. 


Conclusion: Fast identification techniques, namely zinc sulphate flotation can be used 
for screening stool samples in order to determine Giardia cysts with considerably high 
sensitivity and specificity. Based on this method, the occurrence rate of giardiasis was found 
as 4.54% in the studied group. DNA sequencing is necessary to distinguish assemblages and 
confirm the results of PCR-RFLP. 
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INTRODUCTION 


he genus Giardia includes six species based on the morphological features of 
trophozoite and cyst forms. Of these, Giardia varani is found from water moni- 
tor Varanus salvator, while Giardia agilis, Giardia ardeae and Giardia psittaci, Giardia 


microti and Giardia muris, and Giardia duodenalis from amphibians, birds, rodents, and 
mammals, respectively (1). Giardia duodenalis (syn. Giardia intestinalis, Giardia lamblia) 
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of zoonotic importance infects humans and more 
than 40 other mammals (2). Molecular studies and 
antigenic analyses revealed that G. duodenalis com- 
prises at least seven assemblages which are geno/ 
phenotypically distinct, but morphologically simi- 
lar (3-5). Assemblages A and B which are considered 
potentially zoonotic are found in both humans and 
animals (6, 7), such as non-human primates, can- 
ids, felines, rabbits, beavers, muskrats, mustelids, 
rodents, marsupials, wild ruminants and livestock 
animals (8). However, the other assemblages are 
considered principally host specific, and of those, 
assemblage C and D have been described in dogs, 
cats, coyotes and wolves, E was isolated in hoofed 
animals such as cattle, sheep, goats, pigs, water 
buffaloes and mouflons, F is specific for cats, G is 
found exclusively in mice and rats, and in cats as 
well, and H was detected in pinnipeds faeces (8, 9). 


Cysts of the parasite, which inhabits small intestine 
and has a monoxenous life cycle, become infec- 
tious shortly after they are excreted with the fae- 
ces, surviving for months in aqueous environments, 
and a few oocysts can cause infection when con- 
taminated water and food are taken orally. These 
aspects matter in epidemiologic characteristics 
of this zoonotic agent (1). Giardiasis is a common 
disease throughout the world, and 280 million peo- 
ple develop symptomatic Giardia infection annu- 
ally, thus being considered a global endemic (1, 5). 
On the other hand, the prevalence of the parasite 
considerably differs in distinct populations and 


al 
HIGHLIGHTS 


e This study provides up-to-date information on 
the occurrence and prevalence of giardiasis in a 
previously unstudied region. 


e Obtained results emphasize that subgenotyping 
of G. duodenalis can reveal the transmission ways 
of the infection in the studied region and suggest 
implications for protective precautions. 


e Results show that the fast diagnostic techniques 
such as zinc sulphate flotation can be a choice 
for detection of the parasite. On the other hand, 
the most reliable technique for differentiation 
of the assemblage types and subgenotypes was 
determined based on DNA sequencing. 


Kaplan Kucuk et al. 


geographic regions. It was reported that this par- 
asite annually infects around 200 million people 
in developing countries, especially in Asia, Africa 
and Latin America (7). However, incidence rates ob- 
served in developed countries ranges from 1-7% (5). 
For instance, 20-30% of humans are the transmit- 
ters in developing countries while annual giardia- 
sis cases are around 1200-1500 in Sweden which is 
over a certain socioeconomic threshold (10). 


This study aims to reveal the occurrence of giardia- 
sis in Thrace, European part of Turkey, and its inci- 
dence, along with the establishment of assemblag- 
es of the causative agent G. duodenalis by providing 
descriptive characteristics of subgenotypes. 


MATERIALS AND METHODS 


Stool sampling 

Single stool samples were collected from 573 of 
the patients who applied to Tekirdag Central State 
Hospital during a one-year-period, 2009, based on 
gastrointestinal complaints, clinical examinations 
and macroscopic features of stool. Patients genders, 
ages, addresses and other information including 
clinical findings and other diseases, if any, were re- 
corded. Samples were transferred into 15 ml clean 
plastic tubes, mixed with potassium dichromate 
solution to a final concentration of 2.5% and were 
stored at +4°C until examination within a month 
using native and floatation techniques. 


An ethics committee approval was not provided 
in this study because the regulation on clinical re- 
search entered into force on 19 August 2011 (Offi- 
cial Gazette number 28030) in Turkey, and ethics 
committees within the scope of this regulation 
began to be formed thereafter. However, informed 
consents of the patients were taken after explain- 
ing to them the details of our study. 


Wet-mount and zinc sulfate floatation techniques 
Microscopic examination of a wet-mount with sa- 
line of fresh stools was performed at x10 and x40 
magnification. Zinc sulfate (ZnSO4; 33%) floatation 
concentration technique (11) was also used to ex- 
amine the stools. After the completion of the mi- 
croscopic examination, the samples were stored at 
-20°C until DNA extraction. 


DNA extraction 

DNA was extracted from a total of 90 stool samples 
including 26 samples which were positive by mi- 
croscopic examination, and 64 samples which were 
suspected as giardiasis according to both stool 
morphology and clinical suspicion (12-14). QlAamp 
DNA Stool Mini Kit (Qiagen, Germany) was em- 
ployed based on the manufacturer's instructions. 
Extracted DNAs were stored at -20°C until use. 


Nested PCR 

A753 bp fragment of the B-giardin gene was ampli- 
fied using the primers described by Caccio et al. (15). 
PCR amplification was performed in a final volume 
of 25 pL containing 10 pmol each appropriate prim- 
er (G7 F5’-AAGCCCGACGACCTCACCCGCAGTGC-3’ 
forward and G759R 5’-GAGGCCGCCCTGGATCTTC- 
GAGACGAC-3’ reverse), 200 HM of dNTPs, 1.5 mM 
MgCly, 1U Taq polymerase and 10X reaction buff- 
er (500 mMTris-HCl, pH 8.8, 160 mM (NH4)SO, and 
0.1% Tween®20) (MBI Fermantas, Lithuania) and 
100 ng DNA. The PCR protocol consisted of an initial 
denaturation at 95°C for 15 min, annealing at 60°C 
for 30 sec and extension at 72°C for 60 sec each, for 
35 cycles, with a final 7 min extension at 72°C. PCR 
products of 753bp were obtained and separated on 
a 2% agarose gel, stained with ethidium bromide 
and visualized with UV transillumination. Nested 
amplification was performed in a final volume of 
25 pL containing 10 pmol each appropriate prim- 
er (BGIF 5’-GAACGAGATCGAGGTCCG-3’ forward 
and BG2R 5’-CTCGACGAGTTCGTGTT-3’ reverse), 
200 pM of dNTPs, 1.5 mM MgCl, 1U Taq polymer- 
ase and 10X reaction buffer (500 mMTris-HCl, pH 
8.8, 160 mM (NH,)SO, and 0.1% Tween®20) (MBI 
Fermantas, Lithuania) and 100 ng DNA. The ther 
mal cycling was carried out in a TC-Plus Thermo- 
cycler (Techne, Cambridge, UK) under the following 
conditions, initial denaturation at 95°C for 15 min, 
35 cycles at 95°C for 30 sec annealing at 55°C for 30 
sec and extension at 72°C for 60 sec followed by a 
final 7 min extension at 72°C. PCR products of 511 
bp were obtained and separated on a 2% agarose 
gel, stained with ethidium bromide and visualized 
with UV transillumination (16). 


RFLP analysis of nested PCR-positive samples 
10 wL of the amplification products were digested 
with 10U of BsuRI (Haelll) restriction enzyme (MBI 
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Fermantas, Lithuania) overnight at 37°C and sep- 
arated on a 12% polyacrylamide gel, stained with 
ethidium bromide, visualized with UV transillumi- 
nation, and the results were evaluated according to 
Lalle et al. (16). 


DNA sequence analysis of nested PCR-positive 
samples 

11 bp samples were sequenced bidirectionally us- 
ing the same primer sets given in nested PCR step. 
For this purpose, the PCR products were purified 
with PEG 4000 as described by Rosenthal et al. (17), 
subsequently sequenced by using Big Dye-termi- 
nator chemistry (Beckmann Coulter, USA) accord- 
ing to the manufacturer’s instructions. For this 
purpose, the sequencing reaction was performed 
in a Techne TC-Plusthermocycler at 96°C for 20 
sec, and annealing at 50°C for 20 sec and exten- 
sion at 60°C for 4 min each, for 30 cycles. Analyses 
of sequencing reactions were performed on an au- 
tomatic sequencer Beckman Coulter Genome Lab 
Genetic Analyzer (Beckmann Coulter, USA).DNA 
sequences and chromatograms obtained were ex- 
amined by using GenomeLab GeXP Genetic Analy- 
sis System Version 10.2 DNA sequencing program 
(Beckman Coulter, USA). The precise assemblages 
of the Giardia-positive samples were determined 
with comparing the sequencing results with the 
reference sequence published by Caccié et al. (15) 
by using the web-based bioinformatic programme 
Clustal Omega (http://www.ebi.ac.uk/Tools/msa/ 
clustalw2/). 


RESULTS 


Macroscopic features of the samples 

The gender of the patients was 301 males (52.53%) 
and 272 females (47.47%), with an average age of 
19.03 (ranging from 3 days to 97 years old). Clini- 
cally, 427 of the patients demonstrated symptoms 
of a gastrointestinal disorder. Specifications of the 
stool samples such as colour, content texture and 
assemblage types of the Giardia-positive patients 
with various clinical presentations were given in 
the Table 1. 


Findings of microscopic examination 
Native stool examination at x40 magnification de- 
tected Giardia spp. cysts in 21 samples (3.66%). With 
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Table 1.Characteristics of the patients and the samples regarding posi 


tive results. 


Age Gander Clinical Native microscopy | Colour and content eins sees 
presentation (x40) changes in stool Giardia (x40) (sequencing) 
f M Pneumonia Giardia (+), Yeast (20<) Yellowish, hard +++ A 
2 M Pneumonia Giardia (+), Yeast (20<) | Yellowish brown, hard +++ A 
2 M Gastroenteritis Giardia (+) Normal + AB 
3 M Cough Yeast (20< ) Brown, soft +++ B 
4 M Urinary infection Giardia (+) Brown, hard +++ A 
Giardia (+), 
4 M Asthma Leucocytes (20<), Mucous + A 
Erythrocytes (20<) 
5 F Malnutrition Giardia (+) Normal + B 
5 M Abdominal pain Giardia (+) Watery +++ AB 
6 M Abdominal pain Giardia (+) Hard + AB 
8 F Abdominal pain Giardia (+) Hard +4++ A 
8 F Abdominal pain Negative Hard ++ A 
8 F Abdominal pain Giardia (+) Fatty, soft + AB 
10 F Abdominal pain Giardia (+) Normal +4+ A 
10 M Abdominal pain Negative Hard ++ A 
10 M Nausea-vomiting Negative Watery Negative AB 
10 M Abdominal pain Giardia (+) Green, soft +++ AB 
aa F Abdominal pain Giardia (+) Normal +++ A 
12 M Nausea-vomiting Negative Soft + AB 
19 F No symptoms Giardia (+) Fatty, soft +4+ A 
21 M No symptoms Giardia (+) Soft +++ A 
24 M Reflux Negative Normal +++ AB 
26 M No symptoms Giardia (+) Soft +4+ A 
26 F Viral enfection Giardia (+) Hard + A 
39 F No symptoms Giardia (+) Soft +++ A 
52 F Bronchitis ie: eae Bloody +++ A 
57 M Gastroenteritis Giardia (+) Dark brown + AB 
59 F Gastroenteritis Giardia (+) Soft +4++ AB 
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Figure 1. PCR products (511 bp) of nested-PCR positive samples visualized on 2% agarose gel. The numbers above the wells 
were the assigned protocol numbers for the samples. 
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Figure 2. Haelll restriction products of 27 samples visualized by PAGE (12%).The assigned protocol numbers and 
assemblage types of the samples were given above the wells. 
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zinc sulphate floatation technique, five more sam- 
ples were found to be positive for Giardia spp. cysts, 
reaching a total of 26 positive samples (4.54%). Sen- 
sitivity and specificity of zinc sulphate floatation 
technique were 96.30% (26/27) and 100% (63/63), 
respectively, in consideration of nested PCR. The 
number of cysts determined at x40 magnification 
was 1-2, 3-5, and over 5 per microscopic field for 8, 
2 and 16 samples, respectively. 


Nested PCR findings 

Out of 90 samples, consist of 26 which were found 
to be positive by microscopic examination and an 
additional 64 selected based on macroscopic fea- 
tures, screened by nested PCR. A total of 27 samples, 
26 of which were found to be positive by microscop- 
ic examination, showed specific bands at 511 bp on 
agarose gel (Figure1). 


RFLP analysis 

After the restriction analysis of the B-giardin gene 
from the 27 positive samples with Haelll digestion, 
the results were evaluated according to Lalle et al. 
(15), and 15 samples were determined as assem- 
blage A genotype, 10 samples as assemblage B-E 
mix and 2 samples as assemblage B (Figure 2). 


DNA Sequence Analysis of the B-giardin gene 
The obtained DNA sequences from the clinical 
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Figure 3. One-base difference in the sample DNA carrying assemblage A3 
genotype, which creates a specific Haelll restriction site for assemblage E in 
RFLP analysis. The possible sequences belonging to the subject are; original 
sequence of assemblage A3“5’-GATCGCCATCCATAACGACGCCATCGCGGCT 
CTCAG3” or mutated sequence“5’-GATCGCCATCCATAACGACGCCATCGCG 


GCCCTCAG3”” which creates a restriction site for Haelll and results in false- 
positive E3 assemblage instead of A assemblage in PCR-RLFP method. 
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samples were compared with reference sequences, 
as described by Caccié et al. (14) by using the web- 
based program Blast. Then the assemblages of the 
clinical samples were determined as A3, B3 and A3/ 
B3 mix instead of assemblage B/E mix with a one- 
base difference among A and B assemblage refer- 
ence sequences. Afterwards, the sample sequences 
were compared with reference sequences in Gen- 
Bank (GenBank no: FN386480.1 for assemblage A3; 
FJ560572.1 for assemblage B3 and AY072729.1 for 
assemblage E) by using the web-based CLUSTAL 
2.1 multiple sequence alignment program. The 
one-base difference which creates assemblage E 
restriction site for RFLP analysis, which causes 
false-positive E assemblage determination instead 
of A assemblage in PCR-RFLP method, was shown 
in Figure 3. 


DISCUSSION 


Most of the studies on giardiasis in Turkey are based 
on microscopic examination of stool samples, re- 
porting a positivity ranging between 0.8-54.8% (18). 
The present study detected a positivity of 3.66% by 
native examination and of 4.54% by zinc sulfate 
floatation concentration technique. These rates are 
in concordance with the prevalence rates of giardi- 
asis in both Turkey and worldwide. It is known that 
the prevalence of giardiasis is associated with soci- 
oeconomic status, and being lower (0.4-7.5%) in de- 
veloped countries and higher (8-30%) in developing 
countries (1). 


Assemblages A and B are the main agents respon- 
sible for human giardiasis, the latter being more 
prevalent. Indeed, the mean prevalence rate is 60% 
for assemblage B, while 35% and 5% for assemblag- 
es A and A-B mix, respectively in worldwide (7,9, 
19-23). However, the occurrence of assemblages 
may vary from region to region. For example, the 
prevalence rate of assemblages A and B was found 
to be 73% and 2.5% in Thailand (24), 52% and 22% 
in Ethiopia (25), and 65% and 27.5% in Syria (26). 
Up to date, a few genotyping studies on giardia- 
sis have been performed in Turkey. Assemblage A 
was the dominant genotype in giardiasis cases in 
the provinces of Kocaeli, Sivas, Manisa, and Aydin 
with the prevalence rates of 50%, 53%, 70.37%, and 
80% respectively. However, the prevalence rate of 
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assemblage B was 56.82% in Ankara where it was 
predominated, and between 20% and 31.8% in oth- 
er provinces (27-31). 


The role of animals in the epidemiology of human 
giardiasis is still under debate. Host distribution of 
assemblage B is restricted to humans, and therefore 
humans are its primary source while assemblage A 
is found in a wide range of mammals, and its preva- 
lence is higher in them than in humans. As a result 
of these variations, assemblage A is incriminated as 
an important zoonotic agent. In our study, among 
the 27 positive samples, 15 were found as assem- 
blage A, and only one patient among this group was 
living in the rural area. Although the majority of the 
cases were from urban areas, the occurrence of as- 
semblage A as dominant causative agent indicates 
a possible zoonotic transmission. Livestock which 
was reported as the primary source of assemblage 
A (82) are not raised in urban areas of Tekirdag; on 
the other hand, other domestic animals may play 
a significant role in transmission. Dogs and calves 
were reported as main animals in terms of zoonotic 
transmission for subgenotypes Al, A2, A3, A4 and 
B3 which are found in humans (33). In our study, 
subgenotypes A3 and B3 were detected in all pos- 
itive samples suggesting a possible zoonotic trans- 
mission. In addition, contaminated city water and/ 
or fruit and vegetables brought to the city mar- 
kets from the villages should be considered as the 
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way of transmission. Assemblages C, D, E, F and G 
show strong host specificity, having narrow host 
ranges, and there is no evidence that they are of 
importance to human health (7). Assemblage E is 
especially found in livestock including cattle sheep, 
goats and pigs, as well as known to occur in wild 
animals, cats, dogs and some other animals (32). 


Some studies revealed that assemblage B is respon- 
sible for persistent infections in humans, whereas 
assemblage A is found in diarrhoea or subclinical 
cases (13, 14). However, studies in which different 
results were obtained are also available (19, 22). In 
our study, gastrointestinal symptoms were com- 
mon in 33.33% of the assemblage A-positive pa- 
tients whose stool consistency was hard (40%) and 
normal (53.33%). 


As a conclusion, the presence of G. duodenalis 
should be considered in patients with gastrointesti- 
nal complaints, regardless of the stool consistency. 
Among the fast detection techniques, zinc sulphate 
flotation can provide reliable results for the evalua- 
tion of stool samples. Although RFLP-PCR may pro- 
vide information on the assemblage types, accu- 
rate results and subtyping can be achieved by DNA 
sequencing at the most credible level. Assemblage 
types and subgenotypes may provide information 
for the transmission possibilities of the infectious 
agent. 
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